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Summary. Sixty-three diabetics, (50 growth-onset type  
"G. 0 . "  and 13 matur i ty-onset  "M. O.") and twelve non- 
diabetic controls, matched for age, sex and nutr i t ion were 
studied. Hepatomegaly  up to 5 em was seen in 13 non- 
ketotic, growth-onset and in 2 obese, matur i ty-onset  pa- 
t ients.  Mild functional impairment  was observed in 7 non- 
ketotic, young diabetics showing increased glycogen 
deposition. Histologically, glycogen was more marked in 
young diabetics compared with the matur i ty-onset  
diabetics and heal thy controls; nuclear glycogen was 
conspicuously absent in the la t ter ;  fa t ty  infiltration was 
present in 5 obese diabetics and portal  cirrhosis was seen 
in one. The severi ty of glycogen deposition correlated well 
with the  degree of hyperglycaemia.  Quant i ta t ively,  gly- 
cogen in the liver was high in 15 diabetics (mean 1060 ~: 
125.5 rag/100 g of the tissue). After prolonged control 
with insulin, glycogen deposits decreased or remained the 
same in a few patients  s tudied so far. 

Observations sur la structure et la fonction du foie chez 
des diabdtiques in@lens 

Rdsumd. Soixante-trois diabdtiques (50 diabgtiques 
jeunes (,G.O.)) et 13 diabdtiques d'&ge mfir (~M.O.>)) et 
12 sujets t@moins non-diabdtiques, ~ @galit@ en ce qui 
concerne l'gge, le sexe et le rdgime alimentaire,  ont @t@ 
@tudi@s. Une hgpatomdgalie al lant  jusqu'~ 5 em a @t@ 
observde chez 13 diabdtiques jeunes non-edtosiques et 
2 diabdtiques d'&ge mfir ob~ses. Une ldg@re diminution 
fonctionnelle a dr@ observde chez 7 diabdtiques jeunes non- 
c@tosiques, prgsentant  un ddpSt accru de glycogTne. 
Histologiquement le glyeog~ne 6tait plus abondant  ehez 
les diabgtiques jeunes que chez les diabgtiques d'Age mfir 
et les tgmoins; chez ces derniers le glycogTne nucl@aire 
@tait manifestement  absent ;  une infil tration graisseuse a 
dr@ observde chez 5 diab@tiques ob~ses et une cirrhose 

portale chez un. La quantit@ de glyeoggne aecumul@ 6tait  
en corr@lation avee le degr@ d'hyperglye@mie. Quanti ta-  
t ivement,  le glyeoggne du foie t ra i t  @lev@ ehez 15 diab@- 
tiques (moyerme 1060 • 125.5 rag/100 g de tissu). Aprgs 
un contrSle prolong@ par l 'insuline, les d@pSts de glycog~ne 
diminuaient  ou restaient  les mgmes chez quelques pat ients  
@tudids. 

Beobaehtungen zur Struktur und Funktion der Leber bei 
ind~schen Diabetikern 

Zusammenfassung. Die Untersuchungen umfai3ten 63 
Diabetiker  (50 vom jugendlichen und 13 vom Erwachse- 
nen-Typ) sowie 12 nach Alter, Geschlecht und ErnKhrung 
vergleiehbare nichtdiabetische Kontrollpersonen. Bei 13 
nieht-ketotisehen jugendliehen Diabet ikern und 2 adi- 
pSsen Altersdiabet ikern fund sich eine LebervergrSf~e- 
rung bis zu 5 era. Leichte funktionelle Einschr/inkungen 
liel3en sich bei 7 nicht-ketotischen jugendlichen Diabeti-  
kern mit  gesteigerter Glykogeneinlagerung naehweisen. 
Histologisch fund sich bei den jugendlichen Diabet ikern 
mehr Glykogen als bei den Diabet ikern yore Erwaeh- 
senen-Typ und den Vergleiehspersonen, bei letzteren fiel 
die Abwesenheit  von nuelearem Glykogen auf. Eine Fe t t -  
einlagerung bestand bei 5, eine portale Cirrhose bei einem 
adipSsen Diabetiker.  Der Sehweregrad der Glykogen- 
speicherung korrelierte gut mit  dem AusmaS der Blut-  
zuckererhShung. Bei 15 Diabetikern fand sich quant i ta t iv  
eine Vermehrung des Leberglykogens mit  einem Mittel- 
wert yon 1060 -4- 125 rag/100 g Gewebe. Die wenigen bis- 
her nach l~ngerer Insulinbehandlung nachuntersuchten 
Pat ien ten  zeigten einen Riiekgang oder Gleichbleiben der 
Glykogenspeicherung. 

Key-words: Liver, glycogen deposition, fa t ty  infiltra- 
tion, function, structure,  growth-onset diabetes, maturi-  
ty-onset  diabetes. 

H e p a t i c  invo lvemen t  in d iabe tes  mel l i tus  is well  
recognized.  Marble  et  al. (1938) and  Grey  et  al. (1945). 
be l ieved  t h a t  hepa t i c  abnormal i t i e s  encounte red  in 
these p a t i e n t s  were secondary  to  poor  control.  Dur ing  
the  las t  two  decades,  a large number  of studies,  bo th  
exper imen tM and  clinical,  have  been done to  f ind ou t  
the  effect of d iabe tes  on the  s t ruc ture  and  funct ion  of 
the  l iver  (Z immerman  et  al., 1950; L e e r y  et  al., 1950; 
Goodman,  1953 ; Camer in i - I )av los  et  al., 1962 ; Sar in  
and  Bhu,  1964). Cont roversy  has of ten ar isen wi th  
r ega rd  to  the  na tu re  of hepa t i c  invo lvemen t  in un- 
contro l led  diabetes .  Marble  et  al. (1950), B o n d y  et  al. 
(1949) and  G o o d m a n  (1953) d e m o n s t r a t e d  a var iab le  
degree of f a t t y  inf i l t ra t ion  causing hepa tomega ly ,  
which receded to  a considerable  ex t en t  a f te r  the  cont ro l  
of the  disease. Contrariwise,  o ther  workers  (Zimmer- 
m a n  et  al., 1950 ; W a r r e n  et  al., 1966) observed  increased 
glycogen depos i t ion  in m a j o r i t y  of the i r  pa t ien ts ,  

Clinical p a t t e r n  of d iabe tes  in t ropics  is qui te  
d i f ferent  from t h a t  seen in E u r o p e a n  countr ies :  non- 
ke to t i c  d iabetes  occurs more f requen t ly  in young  adul t s  
in th is  p a r t  of the  world.  So far, ve ry  l i t t le  work  has 
been done to s t u d y  the  l iver  i nvo lvemen t  in diabet ics  
in  th is  region. F e w  repor t s  pub l i shed  recen t ly  have  also 
sugges ted  increased l iver  g lycogen (Sarin and  Bhu,  
1964; Dube  et  al., 1965; I ) a m o d a r a n  et  al., 1966). Bu t  
these workers  have  no t  t aken  into account  the  glycogen 
conten t  of the  l iver  of non-d iabe t ic  no rma l  subjects  
s tud ied  under  ident ica l  condi t ions ,  and  a quan t i t a t i ve  
es t ima t ion  of glycogen in l iver  t issue has  also no t  been 
done. 

The effect of t r e a t m e n t  on these changes also needs 
to  be inves t iga ted .  

The objec t ives  of the  presen t  s t u d y  were to deter-  
mine  the  var ious  his tological  and  funct ional  abnormal -  
i t ies  in  different  forms of d iabetes ;  to  correlate  the  
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severity of histological changes with liver enlargement, 
degree of hyperglycaemia and functional derangement ; 
finally, to evaluate the effect of t reatment  with insulin 
on liver changes, by  repeated biopsies, done at  frequent 
intervals. 

Materials and Methods 

Sixty-three nntreated or inadequately-controlled 
diabetics, out of which 50 were growth-onset type, 
"G. 0 ."  (16 ketotie and 34 non-ketotic), and 13 maturi ty-  
onset type, "M. 0 ."  (7 obese and 6 thin), were studied in 
the Metabolic Unit  of the Maulana Azad Medical 
College and Associate Hospitals, New Delhi, India, 
over a period of 2 years. The youngest patient  was 12 
years and oldest 68 years of age; there were 49 males 
and 14 females. The duration of the disease ranged 
from 4 months to over 10 years. Twelve non-diabetic 
subjects, matched for age, sex and nutritional status, 
were taken as controls. Patients with a past  history of 
chronic aleoh9lism, viral hepatitis or ingestion of 
hepatotoxic medicines were excluded from the study. 

A thorough clinical examination was done in every 
case. Particular attention was paid to the presence of 
hepatomegaly, which was asessed in each ease, by  
palpation and percussion, by  more than one observer. 
Each patient was subjected to a ba t tery  of liver func- 
tion tests, which included estimation of serum proteins 
by  the biuret method (King, 1964), differential pro te in  
fractions by  serum eleetrophoresis (Flynn and De 
Mayo, 1951), thymol  turbidi ty and serum alkaline 
phosphatase. Bromsulphthalein test was also performed 
in 20 diabetic and 10 normal subjects, and retention of 
5 per cent or more at 45 rain was regarded as abnormal 
(King, 1964). Liver biopsy was done in fasting state 
and the specimen was fixed in formol-alcohol. Sections 
were stained with haemotoxylin and eosin, periodic 
aeid-Schiff and Best-carmine stains and studied for the 
presence of glycogen, fat, cellular infiltrates, fibrosis, 
cirrhosis and iron deposits. Glycogen deposits were 
arbitrarily graded as follows: 

Grade I - -  Glycogen sparsely distributed in the 
cytoplasm only. 

Grade I I  - -  Glycogen moderately distributed in 
the cytoplasm only. 

Grade I I I  - -  Glycogen diffusely distributed in the 
cytoplasm and sparsely in the nuclei. 

Grade IV --  Glycogen diffusely distributed in the 
cytoplasm as well as the nuclei. 

Fa t t y  infiltration was also arbitrarily graded as follows: 
Grade I - -  When less than 10% of the cells show- 

ed this change. 
Grade I I  - -  When 25% of the cells were involved. 
Grade I I I  - -  When 25% to 50% cells were involved. 
Grade IV --  When more than 50~o cells showed 

this change. 
Quantitative estimation of glycogen in the liver 

tissue was done in 15 growth-onset, non-ketotic dia. 

betics and in 10 control subjects of less than 40 years of 
age, by  the method of Kemp et al. (1954). Twenty G. O. 
diabetics (16 non-ketotic and 4 ketotic) have been sub- 
jected to repeated liver biopsies, varying from 2 to 5 
times in number, at intervals of 1 month to over a year, 
after being adequately controlled, Glycogen deposits 
in the repeat specimens were graded as above and com- 
pared with those of the specimen taken before treat- 
ment. 

Glncagon test, using 1 mg I.V.,  was done to deter- 
mine the activity of hepatophosphorylase in 15 diabetic 
and 15 normal controls. 

Results 

Prevalence of Hepatomegaly 

I-Iepatomegaly ranging from 2.5 to 5 cm was ob- 
served in 13 out of 50 G. 0. (3 ketotie, 10 non-ketotic) 
and in 2 obese M. 0. diabetics. There was no statisti- 
cally significant difference in the liver size in three 
groups (0.10 > P > 0.20). None of the control sub- 
jects had liver enlargement. 

Liver function tests 

Liver function tests were mildly deranged in 14 pa- 
tients; 9 belonged to G. O. and 5 to M. 0. group (Table 1). 
The functional impairment was not proportional to 
the type and extent of histological changes in the liver. 

Table 1. Liver function tests in 63 diabetics 

Tests Growth-onset Maturity -onset 
ketotie non-ketotic obese thin 
(16) (34) (7) (6) 

Serum proteins 0 0 0 5 a 
(<  6.0 g~o) 
Albumin 0 0 0 5 a 
(<  3.0 g%) 
Thymol turbidity 4 1 0 0 
(> 4 units) 
Alkaline phosphatase 4 3 0 0 
(>  13 K.A. units) 
B.S.P. (abnormal) 2(5) 3(10) 2(3) 0(2) 

a Patients had diabetic nephropathy. 

Histological observations 
Histological s tudy showed a variable degree of 

glycogen deposition in the cytoplasm of liver cells in 
all eases and in the nuclei in 38 G.O. diabetics (Fig. 1) ; 
portal cellular infiltrate was observed in 7 G.O. and 
fa t ty  infiltration in 5 obese M.O. patients (Fig. 2). 
Portal  cirrhosis (thick-band type) was seen in 1 obese 
M.O. diabetic. On the other hand, liver specimens from 
12 normal subjects showed the presence of intracyto- 
plasmic glycogen only, without any deposition in the 
nuclei. Glycogen deposition was more marked in dia- 
beties compared with the controls (Table 2). 
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Fig. I. Liver section of growth-onset, ketotic diabetic 
(Case No. 18) showing grade IV glycogen infiltration in 

the cytoplasm and nuclei (Best carmine • 450) 

Fig. 2. Liver section of maturity-onset,  obese diabetic 
(Case No. 63) showing grade I I  fa t ty  infiltration (H & E 

• 450) 

Fig. 3. Liver section of an uncontrolled, growth-onset non- 
ketotic diabetic (Case No. 3) showing grade III glycogen 
infiltration in the cytoplasm and nuclei before treatment 

with insulin (Best carmine • 450) 

Fig. 4. Liver section of the same case showing only grade I 
glycogen infiltration in the cytoplasm only after an 
adequate control of diabetes for a period of one year and 

2 months (Best carmine • 4501 
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Quantitative glycogen estimation in liver tissue 
The levels of liver glycogen ranged from 370 to 

800 rag/100 g of the tissue (mean 541 ~= 125.8 rag/ 
100 g of tissue) in the healthy controls and from 600 to 
1800 rag/100 g of tissue (mean 1060 =[= 75.5 rag/100 g 
of tissue) in the non-ketotic young diabetic subjects in 
the fasting state. 

occur in the liver of Indian diabetics. Zimmerman 
et al. (1950) observed fa t ty  infiltration in 14 out of 28 
of their patients, and Goodman (1953) in practically 
all of his. Such a histological change was seen in this 
series in only 5 out of 13 cases belonging to the maturi ty-  
onset type of diabetes; two of whom were obese. 
Significant morphological change seen in G. 0. dia- 

Table 2. Histological changes in different types of diabetes 

Histological Lesions Growth -onset Maturity -onset 
ketotic non-ketotic obese thin 

Controls 

(16) (34) (7) (6) (12) 
Glycogen deposits 

Grade I 0 
Grade I I  1 
Grade I I I  3 
Grade IV 12 

Fatty infiltration 
Grade I 0 
Grade II 0 

0 2 4 4 
2 5 1 7 

29 0 0 1 
3 0 1 0 

0 1 2 0 
0 2 0 0 

Effect of insulin treatment on liver glycogen 
I t  was observed that  glycogen remained unchanged 

in all patients studied up to 6 months, but  decreased in 
3 out of 5 after 6 months to 1 year, and in both the 
subjects after one year of adequate control (Figs. 3 
and 4). 

Glucagon test 
After I .V. glucagon, the rise in blood sugar within 

20 minutes ranged from 28.0 mg% to 65.5 rag% (mean 
48.5 mg%) in 15 diabetics and from 35.4 rag% to 
56.0 rag% (mean 46.2%) in 15 controls. The difference 
is not significant (P ~ 0.5). 

Correlation of hepatomegaly and degree of fasting 
hyperglycaemia with the severity of hepatic glycogen 
deposition 

All the 13 young patients, having variable liver 
enlargement, showed Grade I I I  and IV glycogen de- 
position, and both the M.O. diabetics with hepatom- 
egaly were obese and had Grade I I  fa t ty  infiltration. 
Correlation of hyperglycaemia with the severity of 
glycogen deposition is shown in Table 3. 

betics was excessive laying-down of glycogen in the 
liver. The finding of asymptomat ic  cirrhosis with fa t ty  
infiltration in the absence of haemochromatosis in one 
of our poorly controlled maturi ty-onset  diabetic, is 
rather interesting. Whether it was coincidental or a 
consequence of diffuse fa t ty  change is a mat ter  of 
conjecture. Conner (1938) described fa t ty  infiltration 
as a precursor of cirrhotic changes in the liver of dia- 
betics. Kalk (1960) in similar studies reported cirrhosis 
occuring in 26.6 percent of his cases. On the other hand, 
Creutzfeldt (1959) in his extensive study of the rela- 
tionship of liver and diabetes concluded tha t  cirrhosis 
preceded this metabolic disorder in most instances. 

t tepatomegaly was comparatively less frequent as 
well as less marked in our patients. I t  was seen in 15 
out of 63 patients compared with about 60 per cent in 
the series of Goodman (1953). However, contrary to 
the observations of Marble et al. (1938), massive he- 
patomegaly was never encountered in the present 
study. The cause of hepatic enlargement has been 
differently explained. Zimmerman et al. (1950) and 
Goodman (1953) believed it to be due to a diffuse fa t ty  
change irrespective of the type of diabetes. Our expcri- 

Table 3. Correlation of hyperglycaemia to glycogen deposition 

Glycogen deposition No. of cases Fasting blood sugar levels (rag%) 
100 to 200 201 to 400 410 to 600 

Grade I and I I  15 11 4 0 
Grade I I I  32 3 23 6 
Grade IV 16 1 5 10 

Statistical evaluation significant (F ~ 29.7 for 2 & 59 D.F., P ~ 0.01). 

Discussion and Conclusions 

I t  is evident from the foregoing observations that  
diffuse morphological and mild functional alterations 

ence has been at  variance with theirs: it was entirely 
due to the glycogen accumulation (Grade I I I  and IV) 
in young patients, and the fa t ty  change was seen in 2 
of the elderly diabetics with hepatomegaly. 
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Functional derangement of liver was minimal and 
was often detected by the more sensitive bromsulph- 
thalein test. Zimmerman et al. (1950) and Camerini- 
Davlos et al. (1962) also made similar observations. 
Correlating with the histological lesions, the functional 
impairment was seen in i0 out of 59 young diabetics 
showing glycogen deposits, and in 2 out of 5 older pa- 
tients showing predominant fatty change. Studies of 
Zimmerman et al. (1950) revealed greater prevalence of 
functional impairment occurring in the presence of 
fat ty infiltration rather than with glycogen deposition. 

I t  is of interest that  glycogen deposition occurred in 
all the diabetics, and that  it was in excess of that  seen 
in the normal controls, both qualitatively and quan- 
titatively. Values of liver glycogen in our healthy con- 
trols were in the lower range of those reported by Bondy 
et aI. (1949) and Sokal and Gerszi (1959). The difference 
may be partly explained by nutritional and environ- 
mental factors. Ehrlieh demonstrated large glycogen- 
filled vacuoles in the liver cells of diabetic patients as 
early as 1883. But subsequent histological and bio- 
chemical studies of Bondy et al. (1949) and I-Irides ctal. 
(1949) showed a depletion of liver glycogen stores. 
Most of the studies done during the last two decades 
have invariably shown increased hepatic glycogen 
deposition in uncontrolled diabetics (Zimmerman et al., 
1950; Sarin and Bhu, 1964; Dube et al., 1965). 

The exact mechanism of this glycogen accumulation 
in the liver of diabetics is not clear, and very little work 
has been done to investigate it so far. In  the present 
study an attempt has been made to correlate it with 
the severity of hyperglyeaemia. When the two para- 
meters were subjected to statistical evaluation, the 
results were found to be significant (F 29.7 for 2 and 
d.f., P < 0.01). But  whether this increased liver 
glycogen resulted from the same metabolic defect as 
hyperglyeaemia or something else, is very difficult to 
say at this stage. However, Chipps and Duff (1949) 
failed to find a correlation between blood sugar levels 
and glycogen content of the liver. Recent experimental 
studies in diabetic animals have pointed out that  in- 
creased glycogen in this disorder is due to the same 
enzymatic defects as seen in glycogen storage disease 
(Cahill et al., 1959 ; Lowe et al., 1962 ; Yoshatoshi et al., 
1967). Enzyme abnormalities leading to increased 
glycogen synthesis as well as to decreased glycogen 
breakdown have been demonstrated by these workers. 
However, the glueagon test done in a few of our pa- 
tients has indicated the activity of hepatophosphorylase 
to be comparable ~dth that  of the normal subjects. 
But. a study to estimate the activity of various enzymes 
in the liver of Indian diabetics has yet to be carried out. 

In the present study, an at tempt has been made to 
study the effect of treatment with insulin. Divergent 
opinions have been expressed by Western workers 
with regard to these findings. Long (1947) believed that 
insulin, when given in physiologic amounts, inhibited 
liver glycogen deposition whereas Middleton and 
Hockaday (1965) observed increased glycogen storage 

in the liver leading to hepatomegaly if the disease was 
treated with insulin. Our observations in a few cases 
indicated that  glycogen deposition either remained the 
same or was decreased to variable extent if the disease 
was kept adequately controlled for a year. This study 
is still in progress. 
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